:ion and exhibits a higher HDT. Inasmuch as epoxi-
lized lard oil is the more deficient in potential cross-
inks, dilution of the Epon 828 with this oil would
result in the lower HDTs of the two series. If, then,
» modest HDT of about 80°C. is desired when using
'poxidized lard as a diluent for a diglycidyl ether,
10 more than 209% should be used.

There is also shown in Figure 4 the effect on HDT
»f introducing 0.5% of a tertiary amine in the mix-
sure of diglycidyl ether and epoxidized soybean oil.
Although the slope of this line is about the same as
:hat for the corresponding series without amine, the
HDTs of the former are higher by a constant factor of
25 degrees. It is conceivable therefore that this prin-
iiple may be extended to raise the HDTs of other
systems, such as the epoxidized lard oil series.

Additional information not revealed in the HDT-%
:omposition curves was obtained from the torsional
nodulus eurves of Figure 3. A comparison of the
swo curves shows that the slope for the mixed system
(656% Epon 828 and 35% epoxidized soybean oil),
which is representative of a whole family of curves
for resins based on different proportions of these in-
zredients, is one-third that for the 100% Epon 828.
Curves for resins made without tertiary amine (not
shown here) have slopes which fall in between the
two shown. It is significant that a 50% drop in the
torsional modulus from 5.5 x 10% to 2.75 x 10% psi,
takes place in a limited range (3 degrees) for the
100% Epon while a similar drop occurs in a broader
range (9 degrees) for the mixed resin. This suggests
that the HDT is not as eritical for the diluted Epon
as for the 100% Epon, and for many practical pur-
poses this three-fold temperature latitude may be
advantageous. For those compositions of Epon 828
and epoxidized oils which contained no tertiary amine,
no significant difference was observed in the slopes.

‘When the tensile strengths of the resins were plotted
against the percentage composition of epoxidized oils
(Figure 5), the relationship was not linear. Here the
20% level appears to be significant since the tensile
strengths of all the specimens are about the same (be-
tween 10,000 and 11,500 p.s.i.) at that concentration
of diluent. However as the epoxidized oil content
increases, the tensile strength decreases at different
rates for each series. The tensile strength of the
epoxidized lard oil series drops more rapidly than
that of the epoxidized soybean oil. The tertiary amine

appears to have a slight elevating influence on the .

tensile strengths.

The elongations at the breaking point of all the
resing were of the same order of magnitude, in the
range of 3 to 18%. Thus there is no significant dif-
ference in this property between the modified and un-
modified Epon 828. Also the modulus of elasticity
was not significantly different between the 100%
Epon 828 and the modified resin up to a 50% con-
centration of epoxidized oils, ranging from 2.1 to 3.4
x105 p.si. Above 50% the modulus of elasticity
dropped markedly in both epoxidized oil systems con-
taining no amine and only slightly in the epoxidized
soybean oil system with amine.

Combined assessment of all the data indicates (1)
that both HDT and the tensile strength of a resin
from diglycidyl ether cured with phthalic anhydride
are markedly decreased by the addition of either
epoxidized soybean oil or epoxidized lard oil, (2) that,
regardless of which epoxidized oil is used to replace
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Fia. 5. Effect of epoxidized glyceride concentration on the
tensile strength of diglyeidyl ether resins cured with phthalie
anhydride.

up to 20% of the diglycidyl ether, the differences in ,
these properties between the two series are small, and
(3) that either epoxidized oil may be used to replace
up to 50% of the diglycidyl ether without affecting
the modulus of elasticity or elongation properties of
the resins.

Experimental

" Lard oil (I.V. 77) was epoxidized by the method of
Findley et al. (4) to an oxirane value of 4.2%, deter-
mined by the method of Durbetaki (3). Epoxidized
soybean oil of 5.9% oxirane content was available
commercially (Paraplex G-62). Epon 828, a diglye-
idyl ether containing 9% oxirane, was-selected as
representative of commercially used epoxy resins.
The tertiary amine employed in this study was
benzyldimethylamine.

Different amounts of Epon 828 were weighed into
a series of test tubes, and epoxidized lard oil was
added to each to make the concentrations approxi-
mately 10, 20, 30, 40, 70, and 90% of epoxidized lard
oil, respectively. In another series of tubes were
placed mixtures of Epon 828 and epoxidized soybean

oil calculated to give concentrations of 5, 10, 25, 35,
50, 75, and 90% of epoxidized oil. These same mix-
tures were duplicated in a third series of tubes. Ap-
propriate amounts of phthalic anhydride were added -
to each tube, and the tubes were corked and heated in
a 150°C. oil bath. The amount of phthalic anhydride
used for the epoxidized glycerides in each case was
based upon equivalent weights® because previous
work indicated this ratio to give optimum physical
properties in the resin (7). The amount of phthalie
anhydride used for the polyglycidyl ether however
was only three-fourths of the equivalent weight be-
cause this ratio was reported to give optimum physi-
cal properties in resins made from low molecular
weight diglycidyl ethers (13). Table I shows the

6 One mole of phthalic anhydride to one epoxide equivalent, where
epoxide equivalent =1600/9% oxirane. :




TABLE I

Weight Ratios of Reactants in the Epon 828/G-62/Phthalic
Anhydride Series

Wt. % Pts. Pts. Pts. PA ¢ Pts. PAd

G-62 Epon 828 2 G-62 b for Epon 828 for G-62
5 168.15 13.5 105.45 7.4
10 159.30 27.0 99.90 14.8
25 132.75 67.5 83.25 37.0
35 115.05 94.5 72.15 51.8
50 88.50 135.0 55.50 74.0
75 44.25 202.5 27.75 111.0
90 17.70 243.0 11.10 133.2

2 Epoxide equivalent = 177.

b Epoxide equivalent = 270.

¢ Three-fourths equivalent = 111.
4 One equivalent = 148.

proportions in parts by weight of the reactants for
the epoxidized soybean oil series. When the phthalic
anhydride was melted, the tubes were removed from
the bath and inverted several times to insure good
mixing. To each tube of the third series was added
0.5% of benzyldimethylamine, based on the total
weight of the epoxides and curing agent, and mixing
was again accomplished by inverting the tubes. All
were returned to the oil bath and observed periodi-
cally for gelation.

When cured with phthalic anhydride, the 100%
Epon 828 gelled in slightly more than two hours. The
mixtures containing the amine gelled within four
minutes. This rapid cross-linking caused: severe in-
ternal stresses which resulted:in fissures in the speci-
mens. The epoxidized lard oil series required about
three hours for gelation while the epoxidized soybean
oil mixtures (without amine) gelled in varying times,
which decreased as the concentration of diluent in-

creased. At the 75% level the gel time had dropped -

to about one hour. All the specimens were kept in the
oil bath for three hours to minimize cracking and
then were transferred to a 150°C. air oven for a total
cure of 20 hrs. When cool, the glass tubes were care-
fully shattered from the hard, transparent resins, and
the latter were prepared for the physical measure-
ments (7).

Summary and Conclusion

Three series of resins were made by curing mixtures.

of a diglycidyl ether and epoxidized, natural glye-

erides (lard oil and soybean oil) with phthalic an-
hydride. One property of the uncured system that
was affected was the gelation time, a measure of the

- working pot life. All members of the epoxidized lard

oil series took three hours to gel. The time of gelation
of the epoxidized soybean oil series varied inversely
with the concentration of diulent, and all members of
the epoxidized soybean oil series containing tertiary
amine gelled in four minutes.

Some physical properties of the resins were meas-
ured. The heat distortion temperature was a linear
function of the percentage of epoxidized oil in each
series. Up to 20%. level both epoxidized glycerides
had the same HDTs, but at higher concentrations the
HDTs for the epoxidized lard oil resins decreased
more rapidly. The blends containing a tertiary amine
had HDTSs constantly higher by 25 degrees than cor-
responding blends without amine.

The tensile strengths of the resins from each series
decreased nonlinearly at the same rate up to a con-
centration of 20% of epoxidized glycerides. At higher
concentrations the tensile strengths of the epoxidized
lard oil series dropped the most and the amine-
containing systems the least. Epoxidized lard and
soybean oils appear promising as modifiers for di-
glycidyl ether resins up to a 20% level.
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Epoxy Resins from Fats. IIL Preparation and Properties of

Resins from Blends of a Commercial Diglycidyl Ether and;
Apoxidized Glycerides Cured with Phthalic’ Anhydride=

ATTY DERIVATIVES are playing an ever-increasing
Frole in the modification of resins and plastics.

Modifiers for epoxy resins have been sought for
various specific purposes, such as to improve flexi-
bility of the resin, to reduce the viscosity of the work-
ing mixture, to increase the pot life of the precured
mixture, and to fill the resin and thereby simultane-
ously improve dimensional stability and lower the
cost.

Modification of the typical diglycidyl ether mono-
mer, as exemplified by Figure 1, can be .achieved
through the hydroxyl group by esterification or
through the epoxide groups by reaction with fatty
acids (8,9), fatty diamines (10), fatty polyesters
containing free hydroxyl and carboxyl groups (11),
and fat-based polyamide resins containing active
amino hydrogens (5,6). Such fatty derivatives rep-
resent one broad category of reactive diluents for
epoxy resins.

There is, in contrast to these materials which react
with the epoxide intermediate, another broad class of
diluents that react with the curing agent. In this
class, for example, are certain monoglycidyl ethers
based on glyeerol (12), epoxidized terpenes (12), and
epoxidized vegetable oils (2,14). This class is gen-
erally characterized by the presence of epoxide groups
in the molecule.

Epoxidized vegetable oils have been studied to a
limited extent as reactive diluents for epoxy resins.
Several investigations have been made in surface-
coatings applications. For example, it has been shown
that 25% of a diglycidyl ether polyester resin can be
replaced by epoxidized soybean oil in both long and
short oil media (1). The product was less expensive,
had better gloss, and better resistance to gas checking.
Chatfield (2) showed that alkyd resins could be made
by reaction of epoxidized vegetable oils with small
amounts of phthalic anhydride, either with or without
such modifiers as rosin or its derivatives. Also a Brit-
ish patent (14) disclosed the successful use of epoxi-
dized soybean, linseed, and cottonseed oils as substi-
tutes for glycidyl ether compositions. As an example,
compositions of up to 40% epoxidized oils were cured
with polyamines or acid catalysts, such as citric acid,
phosphoric acid, or boron trifluoride complex to give
resins whose chemical and mechanical properties were
much improved. Reference has even been made to
resin systems based on diglycidyl ether-epoxidized
soybean oil mixtures, cured with the aid of phthalic
anhydride, but no details were given (1). The latter
two references (1,14) also made brief mention of a

1 Presented at the 50th annual meetmg American Oil Chemlsts’ So-
siety, New Orleans, La., April 20-22,

2 Formerly Senior Fellow of the Natwnal Renderers Association.
Present address: Celanese Corporation of America, Summit, N. J.

3 Bastern Regional Research and Development Division, Agmcultural
Research Service, United States Department of Agriculture.

. rigid resin application. They describe the use of the

epoxidized oil-modified glycidyl ether resins as encap-
sulating compounds but give no quantitative data on
their physical properties. In view of the scantiness of
the information concerning the preparation of resins
from phthalic anhydride and mixtures of diglyeidyl
ethers with epoxidized, natural glycerides and con-
cerning the properties of such modified resins, a
systematic study of this kind was undertaken at this
laboratory.

The scope of this paper is confined to the modifica-
tion of a typical diglycidyl ether with epoxidized lard
oil and epoxidized soybean oil, the curing of these
blends with phthalic anhydride, and the correlation
of such physical data as the heat distortion tempera-
ture (HDT), torsional modulus, tensile strength,
modulus of elasticity, and elongation at break with
epoxidized oil content. The purposes of the study
were'a) to determine whether the mixtures of uncured
intermediates would be compatible in all proportions
and whether they would remain compatible during
the cure with equivalent weights of phthalic anhy-
dride. b) to determine the extent to which epoxi-
dized lard oil and epoxidized soybean oil are suitable
as modifiers for diglycidyl ethers, and ¢) to observe
what changes in the physical properties of the resins
may result by varying the amounts of epoxidized oils
in the pre-cured blends in the presence of a small
amount of a tertiary amine.

Discussion
A comparison of the structure of epoxidized glye-

erides, as represented by Figure 2, with that of a
diglycidyl ether (Figure 1) makes clear the difference

Chg 0

f /L

cuz-cu-cuz @ -C- @ -o-cn2 Hi-CHy —f- 0~ @ T @ =0-CHp=CH-CHy
CH3 n CHg

Fi1e. 1. A typical diglycidyl ether monomer for epoxy resins.

between terminal and nonterminal epoxide groups.
Each of these epoxide types has a different order of
reactivity toward other reagents, and therefore dif-
ferences might be expected in the curing stage with
phthalic anhydride. Moreover it will be noted that
the number and arrangement of epoxide groups in
the glyceride are quite different from those in the
diglyeidyl ether. The preponderance of one or the
other type of epoxide molecule, then, would be ex-
pected to make noticeable differences in the properties
of the cross-linked resins.

Mixtures of Shell’s Epon 828, a diglycidyl ether
containing 9% oxirane (determined by the method of
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F1e. 2. A typical epoxidized natural glyceride.

Durbetaki [3]), and 0, 10, 20, 30, 40, 70, and 90%,
-espectively, of epoxidized lard oil (4.2% oxirane)
were prepared in separate test tubes. In another series
Epon 828 was mixed with 0, 5, 10, 25, 35, 50, 75, and
)0%, respectively, of Paraplex (-62, epoxidized soy-
sean oil (5.9% oxirane) from Rohm and Haas Com-
pany. In still a third series the same concentrations
»f epoxidized soybean oil in Epon 828 were prepared,
ut 0.5% by weight of a tertiary amine was added to
sach mixture. All the mixtures were cured with the
ippropriate amounts of phthalic anhydride (details
ziven in the experimental section) at 150°C. for 18
ars., giving hard, transparent, light amber resins.
Physical measurements were then made on each resin.

The most significant physical criterion related to
the composition of the resin is the heat-distortion
temperature (HDT).¢ However the A.S.T.M. method
was not used to determine the HDTs in this work
because of the large sample required. Instead a pro-
sedure was used, involving a standard test for the
stiffness properties of nonrigid plastics as a funection

4 Defined by the American Society for Testing Materials, Philadelphia,
Pa., under designation D-648-56.
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Fig. 3. Effect of epoxidized soybean oil on the torsional
modulus-temperature slope.

of temperature.5 This procedure was shown to corre-
late very closely with the standard HDT. The tem-
perature at which the specimen attained a torsional
modulus of 5.5x 104 p.s.i. (see dashed line in Figure
3), corresponded to the HDT of that resin. The cor-
relation between torsional modulus and HDT was
studied by two of the authors (15) and will be re”
ported independently. -

‘When the HDTs were plotted against the per-
centage compositions of the epoxidized oils by the
least squares method, a straight-line relationship was
observed in each case (Figure 4). It is clear that
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Fie. 4. Effect of epoxidized glyceride concentration on the
heat-distortion temperature of diglycidyl ether resin cured with
phthalic anhydride.

HDT decreases as the amount of fatty epoxide in-
creases in the mixture. 'The HDT drops off at a rate
faster in the case of epoxidized lard oil than in the
case of epoxidized soybean oil. This may be explained
on the basis of the relative number and position of
epoxide groups in the two epoxidized oils; both fac-
tors are dependent upon the composition of the lard
and soybean oil raw materials. Epoxidized soybean
oil contains a high percentage of acyl chains bearing
two epoxide groups very close together, a fair amount
of chains with only one epoxide group, and very few
chains which have no epoxide groups. On the other
hand, epoxidized lard oil has a very high percentage
of monoepoxide acyl chains and a moderate amount
of chains which have no epoxide group. The lack of
an epoxide group in a chain makes it impossible for
that chain to produce a cross-link with the curing
agent, and therefore segments of the molecule vibrate
more freely under low thermal stress. This, of course,
results in low HDT of the resin. When potential
cross-links are plentiful and closely spaced, as in the
case of epoxidized soybean oil, the cross-linked net-
work is stiffened. Hence it resists thermal deforma-

. 5Torsional Modulus Test defined by A.S.T.M., designation D-1043-51.



